Objectives: The tympanic cavity contains 3 small immovable bones, the malleus, incus and stapes. Extensive studies have been carried out on the morphometry of the ossicles. According to some scientists, in human beings the auditory ossicles reach there definitive size and shape in fetal periods and postnatal modifications are minimal, while there are certain studies which their contradict this claim. These contradictory claims prompted us to make an endeavor to find out the growth pattern of the ear ossicles and comparing the data with adults.
Introduction
The tympanic cavity contains 3 small immovable bones, the malleus, incus and stapes. The auditory ossicles extend like a chain across the tympanic cavity to connect functionally the tympanic membrane with the vestibular (oval) window. The lateral ossicle is the malleus, firmly attached to the tympanic membrane, most medial is the stapes which is fixed to the vestibular window and is in direct contact with the fluid perilymph, the intermediate between the two lies the incus. These three bones are bound together by articulations, and they also effect ligamentous connections with the walls of containing cavity. The compound osseous system acts like a bent lever to connect the vibrations of the tympanic membrane into intensified thrusts of stapes against the perilymph. [1] Extensive studies have been carried out on the morphometry of human ossicles, [2] [3] [4] [5] anomalies of the ossicles, [6] [7] [8] [9] [10] embryology [11] and structure and function of the ossicles. [12] [13] [14] Most of these studies were done on adult ossicles and have been studied on European populations, who have mesaticephalic type of skulls, but the present study has been done on Indian skulls that have dolichocephalic skulls. [15] Thus, this is one of the aspects of justifying the utility of the study. Accordingly in human beings the auditory ossicles reach there definitive size and shape in fetal periods and postnatal modifications are minimal. [16] Similar findings were reported that auditory ossicles reach their adult size in fetus by 6 months intrauterine length (IUL). [17] Then some studies also documented the presence of adult sized ossicles in human fetuses of 5th month IUL and that their development is not fixed to rate of body growth in general. [18] However, there are certain studies which contradict this claim. A study reported that the development of auditory ossicles in humans is not completed during fetal life. The different parameters in the fetal periods increased adequately in the post natal life. [19] These contradictory claims prompted us to make an endeavor to find out the growth pattern of the ear ossicles and comparing the data with adults.
Materials and Methods
Material for the study comprised 22 fetal and 15 adult cadavers. This study was done in the Department of Anatomy, Jawaharlal Nehru Medical College (JNMC), Aligarh Muslim University (AMU), Aligarh, Uttar Pradesh, India. The fetuses were obtained from D/0 Obstetrics and Gynecology, JNMC, AMU. The adult cadavers were obtained from the mortuary of D/0 Anatomy JNMC, AMU. The ossicles were obtained from tympanic cavity by opening the tegmen tympani. The measurements were made by screw gauge (leastcount-0.005). Photographs were taken by stereoscopic microscope and other guidelines for standard photography were taken. [20] Gestational age of fetuses was determined by crownrump length using following the formula which states: [15] For the first 5 months, age of fetus in lunar months = length of fetus in cm For the last 5 months, age of fetus in lunar months = length of fetus/5
The fetuses were divided in to 2 groups (Groups I and II) of 12 and 10 fetuses in each group, respectively. Group I included fetuses of gestational age 24-28 weeks IUL and Group II contained of fetuses ranging from 36-40 weeks IUL.
Formula used for calculating the percentage gain between groups is: Difference of mean value in the 2 groups / Mean value of the preceding group x100
Error of measurement
In the present study, the measurement of error is done using 2 measures. They are technical error of measurement (TEM) and coefficient of reliability (R). [21] [22] [23] The Formula for them are: TEM=D/2N, where D denotes the difference between measurements (range) and N is the number of samples measured in that Groupe. g in this study Group I has 12 samples, Group II has 10 samples and adult group has 15. R=TEM/SD, where SD is the total inter sample variance or the standard deviation in that group. It ranges between 0 and 1. This coefficient reveals what proportion of the between sample variance in a group is free from measurement error e.g. an R value of 0.9, means 90% of the variance is due to factors other than measurement error.
The following parameters of each ossicle were recorded: Length of ossicle shows appreciable change during 28-36 weeks IUL of +1.3%. The ossicle attained a length of 97% of adult value at 6 months IUL and 98.2% at 9 months IUL.
Diameter of head shows fast growth rate between Groups I and II of +5.4%. It also achieved 92.5% of adult value at 6th month IUL and 97.5% at 9th month IUL.
Length of handle shows a steady growth with +1.79% gain from Groups I and II. It assumed 97.1% of adult value at 6th month IUL and 98.9% of adult value at 9th month IUL. 4-6, Figure 2 ) Length of ossicle shows an increment of +5.2% between Groups I and II and this dimension achieved 92.7% of adult size at 6th months IUL and 97.6% at 9th month IUL. Total width of ossicle shows appreciable change between Groups I and II of +3.42%. This parameter achieved 95.2% of adult size at 6th month IUL and 98.4% at 9th month IUL.
Incus (Tables
Length of long process show maximum increment between Groups I and II i.e. +2.1%, thus achieving 96.5% of adult size at 6th month IUL and 98.4% at 9th month IUL.
Stapes (Tables 7-9, Figure 3)
Length of foot plate showed steady rise with maximum increase between 28- Width of foot plate showed a positive increase Groups I and II of +5.5%. This dimension showed 90% of adult size at 6th month IUL&95% of adult size at 9th month IUL.
Height of stapes howed an increment of +4.5% between 28-36 weeks i.e. Groups I and II. This parameter achieved 84.5% of adult value at 6th months IUL and 88.4% at 9th month IUL.
Discussion
The present study on human ear ossicles has given us the knowledge that different parts of each ossicle show different rate of growth during various gestational age periods. The study also showed that increase in size of fetal ossicles occurred evenly, with certain periods of most intensive growth. The study also showed the ossicles at birth are almost equal to adult's size (Figure 4 ) [17, 18] and there are minimal postnatal modifications. [16] The present study has been well compared with other workers [2, 3, 5, 7, [24] [25] [26] and they have also documented this observation, but this study is based on Indian population which is first of its kind, whereas the other workers have done in European races. Table 10 compares the values taken in some studies of different research groups with our present study at the time of 9th month IUL. This table shows that the values of malleus for length of ossicle and length of handle are very much near to other studies except for Arrensburg and Nathan [3] who have fewer values than the rest, similarly for incus the values for length of ossicle and total width of ossicle are on the lower end in the present study. Regarding the stapes the values are again on the lower side in relation to the height of the ossicle.
Hence this study assumes much importance in the field of morphometry of ossicles in Indian scenario as morphological variations of ossicles related to race has been documented. [4] The values in the present study were little different in relation to incus and stapes although quite similar for malleus as Indian population has dolichocephalic skulls while European population has Group I Group II Adult mesaticephalic skulls. [15] At the same time auditory ossicular dimensions can be used for medicolegal practice have been stated. [28] However, it is possible that the development of bone mass of ossicles may not have been completed during fetal life as has been documented. [19] The most important aspect of this study is that the fetal ossicles can be used as prosthesis or homografts in adults suffering from otosclerosis and ossicular chain malformations, as they have assumed adult dimensions in the last trimester of pregnancy and the post-natal modifications are minimal. [16] Length 
Table 10
Morphometric data of middle ear ossicles from present and some previous studies at the time of 9th month IUL (mm).
